hand skin of females, a positive correlation was found between skin friction coefficient and stratum corneum hydration (p ! 0.001 and p ! 0.0001, respectively). In contrast, in males, the skin friction coefficient was positively correlated with stratum corneum hydration on the forehead and the dorsal hand skin (p ! 0.05 and p ! 0.0001, respectively). Conclusion: The skin friction coefficient varies with age, gender and body site, and positively correlates with stratum corneum hydration on some body sites.
ity is reduced in aged people, as a result of both decreased synthesis and accelerated degradation of collagen and elastin [9] [10] [11] [12] . Regarding the gender differences in skin biophysical properties, previous studies have shown that the skin surface pH in females is higher than that in males, although a lower skin surface pH is also observed in females [1, [13] [14] [15] . Nevertheless, these studies suggest that there are gender differences in skin surface pH. Additionally, the sebum content is generally higher in males than in females in normal Chinese. Similarly, gender differences in stratum corneum hydration have been observed [1] . Finally, recent studies indicate that cutaneous resonance running times also vary with gender [8] . Studies suggest that differences in sex hormones account for these gender-related differences in skin biophysical properties since the reported differences usually occurred in groups aged around 30 years, and estrogen replacement was able to change skin biophysical properties in females [1, 8, 16] .
The skin friction coefficient indicates skin surface resistance against the movement of objects on it, and it comprises another parameter of the skin's biophysical properties. Previous studies have shown that the skin friction coefficient positively correlates with stratum corneum hydration [17] [18] [19] [20] [21] [22] , but negatively correlates with skin oiliness [23] . While age differences in skin friction coefficient have been reported [24] , most studies show no age difference [21, 22, [25] [26] [27] [28] . In addition, Cua et al. [22, 26] have reported no gender difference in skin friction coefficient. However, variation of stratum corneum hydration with gender and age has been demonstrated [1, 3] , and stratum corneum hydration is associated with skin friction coefficient, as noted above. Therefore, we hypothesized that the skin friction coefficient could also vary with age and gender when assessed in a homogenous population.
In the present study, we evaluated the skin friction coefficient on the dorsal surface of the hand, the forehead and the canthus in a large, normal Chinese population. Variations of skin friction coefficient with age, gender and body site were assessed.
Materials and Methods

Subjects
A total of 633 volunteers, 300 males and 333 females, aged 0.15-79 years, were enrolled in this study ( table 1 ). The subjects were divided into groups by age in decade: 0-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70 and 71-80 years. All subjects had no skin disorders at the study sites. No skin care products had been applied to the measured sites for at least 24 h prior to the measurement, and the measured sites had not been washed with soaps or surfactants for at least 2 h prior to measurement.
Measured Sites and Methods
A Courage-Khazaka Frictiometer FR 770 and Corneometer CM 825 (C&K MPA5) were used to measure the skin friction coefficient and stratum corneum hydration, respectively, on the dorsal surface of the hand, the forehead as well as the canthus. The tip of the Frictiometer FR 770 probe is flat and made of Teflon. The tip surface area contacting skin is 2 cm 2 . During the measurement of the skin friction coefficient, the normal force level was 0.7 N and the rotation speed 255 rpm. The units for both skin friction coefficient and stratum corneum hydration are arbitrary units. All subjects remained inactive at 16-20 ° C, at a relative humidity of 44-47% for 1 30 min before measurements were taken. All studies were completed between the months of January and March, 2010, correlating with winter and early spring in northern China.
Statistics
GraphPad Prism 4 software was used for all statistical analyses. Data were expressed as means 8 SEM. The unpaired twotailed Student t test with Welch correction was used to determine the significance between males and females. And one-way ANO-VA with Tukey correction was used to analyze significances when 3 or more groups were compared. p ! 0.05 was considered as a significant difference. All human research protocols were approved by the human research subcommittee of the Dalian Skin Disease Hospital, PR China.
Results
Changes in Skin Friction Coefficient over Lifetime
We first determined whether the skin friction coefficient changes over the lifetime. In females, indeed, skin friction coefficients on both the canthus and dorsal hand fig. 1 a) . In contrast, skin friction coefficients on the forehead and canthus of males did not change dramatically over the lifetime ( fig. 1 b) . However, the skin friction coefficient on the dorsal hand skin of males increased from the age of 0 to 40 years, and remained unchanged thereafter. These results demonstrate that the skin friction coefficient varies with age in both females and males, with distinctive differences among genders.
Skin Friction Coefficient Varies with Body Site
As seen in figure 1 a, in females aged 11-40 years, the skin friction coefficient was higher on the dorsal hand skin than on the forehead. Likewise, the skin friction coefficient on the canthus was also significantly higher than that on the forehead in females aged 21-50 years. However, there were no body site differences in skin friction coefficient in males except those aged 51-60 years, where the skin friction coefficient on the dorsal hand skin was significantly higher than that on the canthus and the forehead (p ! 0.05 and p ! 0.01, respectively) ( fig. 1 b) . These results indicate that the skin friction coefficient varies with body site and this variation is gender dependent.
Comparison of Skin Friction Coefficient between Males and Females
Since previous studies have indicated that other skin biophysical properties vary with gender [1] [2] [3] , we next assessed whether there are differences in skin friction coefficient between males and females. On the forehead, there was no difference in skin friction coefficient between males and females ( fig. 2 a) . In contrast, on the canthus, skin friction coefficients were significantly higher in females aged 31-40 and 51-60 years than in age-matched males ( fig. 2 b) . The skin friction coefficient on the dorsal hand skin of males aged 0-10 years was significantly higher than that in females, while the skin friction coefficient in males aged 21-30 years was lower than that in females ( fig. 2 c) . These results indicate that the skin friction coefficient varies not only with age, but also with gender.
Changes in Stratum Corneum Hydration over Lifetime
As seen in figure 3 a, in females, stratum corneum hydration increased gradually from the age of 0 to 40 years and then declined. This change in hydration was more evident on the canthus (R 2 = 0.224) than on the forehead and dorsal hand skin. Similarly, a gradual elevation of stratum corneum hydration was observed on the canthus of males below the age of 20 years ( fig. 3 b) . In contrast, changes in stratum corneum hydration were less impressive on the dorsal hand skin of females and males over the lifetime ( fig. 3 ). These results demonstrate changes in stratum corneum hydration associate with age and body site in both females and males.
Correlation of Skin Friction Coefficient with Stratum Corneum Hydration
It has been shown that the skin friction coefficient is influenced by stratum corneum hydration [17] [18] [19] [20] [21] [22] . We next determined the correlation of skin friction coefficient with stratum corneum hydration. In females, a significant correlation was observed between stratum corneum hydration and skin friction coefficient on the canthus and dorsal hand skin (p ! 0.001 and p ! 0.0001, respectively). In males, the skin friction coefficient was positively correlated with stratum corneum hydration on both the forehead and dorsal hand skin (p ! 0.05 and p ! 0.0001, respectively). These results suggest that the association of skin friction coefficient with stratum corneum hydration varies with gender and body site.
Discussion
A variety of internal and external factors influences cutaneous function, which could be reflected by the changes in skin biophysical properties. For instance, air pollution and smoke accelerate skin aging, as demonstrated by increased skin pigmentation and wrinkles [29] . Both chronologically aged and photoaged skin exhibit defective epidermal permeability barrier function and reduced skin elasticity [6, [30] [31] [32] [33] . And sex hormones also regulate epidermal barrier function and stratum corneum hydration [34, 35] . The present study demonstrates that skin friction coefficient is also associated with age and gender, which is inconsistent with previous reports [21, 22, [25] [26] [27] [28] . The resultant discrepancy could be attributed to different ethnicities studied. Prior studies have shown ethnic differences in skin biophysical properties [36] [37] [38] [39] . The subjects in the present study are Chinese, while the majority of subjects in other studies are Caucasians. Moreover, the sample size is critical to obtain a reliable result, especially for skin biophysical properties which vary a lot among individuals. Most of the studies enrolled less than 50 subjects, which is not enough to differentiate the influences of age and gender [19, 22, [25] [26] [27] . A larger population was enrolled in the present study. Furthermore, body site is another determinant of skin biophysical properties [1, 7, 22] . In most studies, the extremities or back were measured, while in the present study, the canthus, which showed significant age-dependent changes in skin friction coefficient, was also measured. Thus, differences in body sites could reflect different results.
Gender differences in some skin biophysical properties have been well recognized [1, 13, 40] . However, the difference in skin friction coefficient between males and females is largely unknown. The present study shows that there are gender differences in skin friction coefficient too, which is in contrast to others' findings [22, 26, 27] . The most dramatic gender difference is found on the canthus in subjects aged 31-40 years. The mechanism underlying this difference is not clear. This difference is most likely caused by sex hormone levels since estrogen levels are higher in females aged 31-40 years. In agreement with a previous finding [22] , the present study shows a significant variation of skin friction coefficient with body site. Moreover, a positive correlation of skin friction coefficient with stratum corneum hydration is also observed in the present study, which is consistent with prior work [18, 19, 21, 22, 41, 42] . The underlying mechanisms by which stratum corneum hydration affects the skin friction coefficient are not clear. However, previous studies suggested that hydration solubilizes proteins and, as the water dries, the adhesive properties of solubilized proteins increase skin friction [42] . Moreover, elevated stratum corneum hydration could soften the stratum corneum and increase the contact area between probe and skin, resulting in a higher skin friction coefficient [20] . Since an influence of hydration on the skin friction coefficient is only observed in some body sites, this strongly suggests that there are some other unknown factors besides hydration affecting the skin friction coefficient.
In summary, the present study shows that skin friction coefficient is associated with age, gender and body site, and positively correlates with stratum corneum hydration. This correlation is gender and body site dependent. Measurement of skin friction coefficient could be another valuable noninvasive approach to assess cutaneous function.
